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A Study of the ILconomic Design of 3hort Sran Girder

Iype Concrete-3teel Highway Bridges.

The general principles underlying the design of

te

N

concrete-steel structures ure yuite well knowa. Joncre
itself is a structural materisl which is si-tiy, »or-
manent, very strong in compression, thorougily reliable
when made honestly, almost fool-proof when once allowed
to "set" properly, adaptable to an almost unlimifed
nunber of uses, practically fire-proof as well as water-
proof, and in addition its cost is always very reason-
able. The great objection to concrete is its lack of
tensile strength, and likewise its lack of elasticity
end toughness. '
Trus it i1s a fortunate circumstance that”;mme%&}m ’
which is one of the least expensive of metals, and
which possesses to & marked degree those yualities
which plain concrete lacks, also has a coefficient of
expansion which is almost identicel with that of concrete.
‘Thus steel may be imbedded in concrete in the proper A

place, manner, and amount, and the resulting combination

called "concrete-steel™ possesses the good qualities



of both of the above mentioned materials, the steel
suppiying the tensile étrength, while the concrete
supplies the compressive strength. No fear need be
felt concerning the breaking of the bond between the
concrete and the steel due to temperature changes,

and in additidn, the 1life of the steel is made practi-
cally everlasting, as munerous and varied csases have
proven that the concrete covering stops all oxidation
or other decomposition of the steel, and gives it
rermanent and complete protection. From these facts
the many points in favor of concrete-steel consbtruction
are very evident.

The saying that a chain is "no stronger than its
weakest 1link"™ is especially applicable to concrete-
steel. The duty of the designer is to proportion and
place the concrete and the steel so that each will be
stressed properly and in proportion. For example, in
case of failure of & concrete-steel bheam, the failure
should ideally be due to both the crushing of the
conorete in the upper part of the beam, and the
simultaneous yielding of the steel in the lower part
of the beam. It may be well to note here that while

the ultimate strength of the concrete in such a beam

-



is the ultimate compressive strength of the concrete,
the ultimate strength of the steel in such a beam

is the yield point of the steel in tension. In
properly prorortioning =nd placing the muterials

B »

in a concrete-steel structure, the designer is, os
in all other eaginecring vorl, "me¥ing a dollar 4o
the most good". It is a notable fact that unier
present conditions, a proper proportiomment of
materials in & concrete-steel structure for the
stresses involved, also results in approximately the
most economic combination of the two materials.

Just at this time the people in all parts of
the country are awaking more than ever to the fact
that good roads are necesgsary as well as pleasurable.
The desire for an economical, satisfactory, and
permanent roadbed does not greatly exceed the desire
for economical, sightly, and permanent highway bridges.
Wooden bridges are cheap, but are unsightly, subject
to rapid decay, and soon become unsafe. Stecel bridges
are strong and fairly cheap, but they are unsightly
also, and soon begin to deteriorate, the average life

being not much more. than twenty years or so. The
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upkeep on both of these types is considerable. The
concrete or concrete-steel bridge costs but lit<ile
more than the steel bridge, its 1life is prectizally
without end, it is slways a source of pride and
pleasure, the upkeep sriounts to nothing, znd most
of the money srent for the labor and materials
necessary remains in the neighborhood in which the
‘hridge is built.

In éelecting this subjecet for a thesis, it was
borne in mind that not only should room be given
for plenty of study, research, and‘design, but alsb
thet the work should be approprizte both to the
student and present conditions. Therefore s
"Study of the Economic Design of Short Span Girder
Tyre Concrete-Steel Highway Bridges" was undertaken.
The plain girder type was adopted as being more
adapted to the student’'s preparation and ability, the
arch being much more difficult of calculation, and much
less gatisfactorily interpreted. The combined
arch-girder would be better adapted to some of the
designs submitted than the plain girder, but much ex-

perience is desirable to insure the wise and satis-
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factory design of such types. The short spans only
were studied inasmuch as the plasin girder spans

are limited by economy and practicability. All
study of abutments was omitted, as local conditions
would decide such designs.

In order to give a fairly good éomparison of
costs,‘prices for steel and coucrete were aGOptéd,
which should give a just basis for comyarison of the
di fferent types. The first three types would reguire
no experienced formsetters or laborers, the designs
being very simple. The other types would reguire
more careful work and experienced labor. Beyond doubt
all the work could be done guite well by workmen not
especially expert, but careful work would be necessary,
and experienced labor would very likely prove more
satigfactory, expeditious, and economical. Hence, the
different costs given the concrete per cubic yard. A
standerd width of roadway was necessarily adopted to
provide the desired comparisons.

Turneaure and lMaurer's "Irinciples of Reinforced
Concrete Construction" was the reference book for this

study. The approximate formulse found therein were
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adopted, as they shorten tihe compubtstions and zive

results in all cases aburndantly safe. The ellow-

able stresses adopted for the steel #ud concrete
are those very commonly used in zood practice, znd

the loads assuned are rather more extreme than Lthe

=]

ordinary. nus the resulting designs are usloubted-
1y on the safe side. The concrete used in Lthe con-
struction of such bridges snould be 1:2:4 concrete

of prorerly selected materials, znd the steel used
should have a yield point uot lower than 40,000 pounds
rer syuare inch.

In this study, all slabs were studied as being
made up of independent heams, each 17 inches wide-the
resulting surplus strength of these slabs is obvious.
The floor girders and side glrders werc all treated
as T-Dbeams uccording to the approximste formulae
of Turneaure and Maurer.

In Design No. I the reinforecing is run parallel
with the span, which ig obvicusly the most economil-
cal, the span being 10 feet and the width 1o feet.

In Design No. II the Same plan is followed for

-6



the twenty foot span, with the resultiang increased
thickness of slsb and amount of steel used. In
these two designs the ©ije girders act mercly as
guard rails.

In Design‘No. IITI the steel is run across the
bridge, the side girders carrying the load. Thus
the floor thickness is cut down, while the strength
of the side girders is utilized. The saving over
Design llo. II is pronounced.

In Design No. IV, T-beam floor girders are
used running parallel %ith the span, each T-beam
carrying the load imposed upon it independent of the
other T-beams. The floor slab is thus made thinner,
the totel dead load cut down, the strength of the
conérete in compression ig utilized more fully, the
steel needed is cut down, and the result is & cheaper
and lighter bridge. The increased cost in this case
due to more complicated formsetting, ete., is
allowed for in the estimate.

In Design No. V the T-beam floor girders run

across the bridge, the side girders carrying the

e



total load. JFor the 20 foot span, Designs IV and
v ara'practicqlly the same in utilization of
strengths of materials, but Design IV reyuires some
less material.
In Design No. VI we find Ho. IV applied to
a thirty foot span with the resulting increased
thicknesses of concrete and amounts of steel.
Design No. VII is No. V applied to a thirty
foot span. The comparison of No. VI sand No. VII
shows the effect of increase of span on the two
types. In No. VI the floor slab and T-beam girders
must increase With any increase in span length, while
for No. VII the floor system is a constant quantity
for all span lengths, only the side girders alone
increasing. Thus No. VII proves to be the proper
type where the span considerably exceeds the width.
Desigﬁ No. VIII is type Ho. V applied to a
forty foot span, with the increased size in side
girders. Thus we see that the tyre of bridge
No. VIII is limited only by the size which the side
girders must attain., No doubt this type of bridge

could well be used up to seventy or seventy-five
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foot spans, but for such spans undoubtedly the
arch or arch-girder would prove a hetter choice.
However, the head-room necegsary, =«nid the roadway
~rades desired, us well as many other conditions
more or less local, would play = 2reat rart ian the

design of bridge adopted.

Very resrpectfully submitted,

Cooct 8. Needtp

May, 1914.
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